This paper integrates the production-theory approach to import determination and the production-theory approach to immigration. The aggregate technology is described by a four-input Translog cost function, from which the demand for imports and the demand for foreign labour services can be jointly derived. Empirical estimates are reported for Switzerland. Special care is taken at describing the substitution and complementarity relationships between the four inputs under alternative maintained hypotheses. The issue of ‡exibility with respect to time is also examined.
Introduction
Do guestworkers threaten the jobs of native workers? Do foreigners, willing to work for low wages, drive down domestic wages? These and similar questions have long preoccupied workers, policymakers and economists, in Switzerland and elsewhere, and they have become particularly pressing at a time when globalization is likely to increase exposure of workers from industrialized countries to competition from low-wage nations.
One line of research that has proven useful to address this type of question is what has become known as the production-theory approach to migration. 1 This approach, introduced by Baldwin Grossman (1982) , treats foreign labour services as an input to the technology. Moreover, due to di¤erences in characteristics and attributes, foreign labour is treated as being conceptually di¤erent from domestic labour. This makes it possible to determine whether immigrants and natives are substitutes or complements in production. One can then also assess the jobdisplacement and income-redistribution e¤ects of international labour mobility. 2 It is quite surprising, however, that none of the studies based on the productiontheory framework has modeled international migration within an open-economy setting. That is, no allowance has been made for possible links between international factor movements and foreign trade. ical evidence is all the more surprising that the theoretical trade literature has examined the links between trade and factor movements quite carefully, without, however, coming to a …rm conclusion. Thus, for some authors, foreign trade can 1 See Greenwood and McDowell (1986) for a survey of the economic impact of immigration. 2 The production-theory approach has been applied to Swiss data by Butare and Favarger (1992) ; see Bürgenmeier, Butare, and Favarger (1992) for a condensed version in English.
3 Wong (1988) does discuss the impact of international labour mobility on the volume of trade. However, he treats foreign labour as a perfect substitute for domestic labour. Hence, there is no di¤erence in his model between migration and a change in the domestic endowment of labour.
be viewed as a substitute for international factor movements, 4 while for others it acts rather as a complement. 5 The main objective of this paper is to attempt to bring an empirical answer to some of these questions, and we shall see that one has to be quite careful in de…ning in what sense trade and factor movements might be complements or substitutes. In what follows, we will model the production sector of the Swiss economy, taking into account the input of foreign labour together with the input of intermediate products of foreign origin. This paper can thus be viewed as a contribution towards the integration of the production-theory approach to migration and the production-theory approach to modelling foreign trade.
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The production-theory approach to modelling foreign trade views imports as an input to the technology.
7
Imports are used together with primary factor services to produce goods destined for domestic and foreign markets. This approach recognizes the fact that most foreign trade is in raw materials and non…nished products, and that even most so-called …nished goods must still go through a number of domestic channels before meeting up with …nal demand, so that a signi…cant proportion of the …nal price tag is accounted for by domestic value
added. An attractive feature of the production-theory approach is that it rests on solid theoretical foundations. Furthermore, it yields a wealth of results about the substitution possibilities allowed for by the technology that cannot be matched by traditional methods which typically rely on single-equation methods. Last but not least, unlike many models of international trade theory, the production-theory approach can easily be implemented empirically since the data it requires are of the type contained in the National Accounts. 8 It is a simple matter then to extend the production-theory approach to import determination to allow for international labour mobility.
One unfortunate characteristic of the production-theory approach to immigration is that it has involved a fair degree of confusion. Some of the empirical 4 See Mundell (1957) , for instance. 5 See Markusen (1983) among others. 6 This paper di¤ers from our earlier work (Kohli, 1993) in several important respects, particularly the choice of speci…cation and functional form, the derivation of the comparative statics of the model, and the modelling of technological change.
7 See Burgess (1974a Burgess ( , 1974b , Woodland (1982) , Kohli (1991) . 8 See Kohli (1982 Kohli ( , 1992 for estimates for Switzerland.
evidence is in terms of Allen-Uzawa elasticities of substitution, and some of it is in terms of Hicksian elasticities of complementarity. Analysts have often failed to fully appreciate this distinction when comparing results drawn from di¤erent studies. Yet comparison of Allen-Uzawa elasticities of substitution and Hicksian elasticities of complementarity is not a simple matter since the passage from one set of elasticities to the other is far from being trivial, and it is not always well understood. Two inputs, such as domestic and foreign workers, could be complements in the Hicksian sense and substitutes in the Allen-Uzawa sense. One objective of this study is to clarify this point by reporting both Hicksian elasticities of complementarity and Allen-Uzawa elasticities of substitution between resident and nonresident workers. By presenting our results for these alternative settings, we will be better able to assess the e¤ects of immigration on the income of domestic factors of production, and to examine the e¤ects of changes in the payments to immigrants on the employment opportunities of resident workers.
However, we will argue that other sets of elasticities may be still better suited to analyze the impact of immigration in an open economy context; this will make it possible to assess the impact of changes in domestic factor endowments and in traded good and service prices on immigration, foreign trade, production, and the distribution of income.
Immigration has long been an important issue in Switzerland where a large proportion of the resident labour force is of foreign origin, and where nonresident workers have, at times, made up nearly a quarter of the labour force. Nonresident workers either are holders of seasonal or yearly permits, or they live in neighboring countries and cross the border on a daily basis to work in Switzerland. As shown by has increased very substantially throughout the …fties and much of the sixties, but it has fallen dramatically in the mid-seventies. The input of capital has increased steadily, whereas the use of imports has, on average, increased at an even faster pace. The sharp reduction in the number of nonresident workers in the mid-seventies is apparent in Figure 2 which shows an implicit Tornqvist index of aggregate inputs (lower line), and it has had a marked e¤ect on the level of gross output (upper line). The di¤erence between the two lines can be interpreted as total factor productivity, and it has increased throughout much of the period.
Concern has been expressed recently that ‡exible functional forms may not be ‡exible enough to adequately model technological change and productivity growth; see Diewert and Wales (1992) . This may be particularly relevant here,
given the shock which apparently -judging from Figure 2 -has a¤ected the Swiss economy in the mid-seventies. As suggested by Diewert and Wales, one way of handling the problem is with the help of spline functions. In this paper, we will innovate and experiment along an alternative route, by increasing the level of ‡exibility of the aggregator function with respect to time.
The remainder of this paper is organized as follows. Section 2 brie ‡y reviews alternative descriptions of the aggregate technology. Section 3 discusses the comparative statics of the model, while Section 4 examines its empirical implementation. Section 5 presents our main empirical results, and Section 6 concludes.
The Production-Theory Approach to Modelling the Demand for Imports and Foreign Labour Services
The production-theory approach to migration treats immigrants as an input to the technology. Similarly, the production-theory approach to foreign trade views imports as intermediate products. We will therefore consider that aggregate output is produced with the use of four inputs: imports (M), nonresident labour (N), resident labour (L), and capital (K). The aggregate technology can be represented by the following production function:
where y is the quantity of gross output, x´[x j ] (j 2 M; N; L; K) is the vector of input quantities. We assume that f (x) is increasing, quasi-concave, and linearly homogeneous with respect to the components of x. We do not believe that variable returns to scale at the plant, …rm, or industry level can be adequately accounted for by simply relaxing the linear homogeneity assumption at the aggregate level. For the sake of coherence, we therefore prefer to proceed with constant returns to scale as our maintained hypothesis.
Our treatment clearly rests on some heroic assumptions about aggregation.
For a start, we assume that all outputs can be aggregated into a single composite good, which can be either absorbed at home or exported to the rest of the world.
9
Furthermore, considering four inputs only may seem restrictive as well.
The reader might feel that it would important to distinguish between skilled and unskilled, resident and nonresident workers, and perhaps that one should disaggregate capital and/or imports. In truth, the theoretical model which we will develop in this section and the next can easily accommodate disaggregation almost ad in…nitum. It su¢ces to interpret y and the x j 's as vectors, and to use a transformation function instead of a production function as a starting point. To keep the empirical application manageable, however, one must obviously draw the line somewhere. Degrees of freedom rapidly vanish as the number of inputs and/or outputs increase, and di¢culties meeting the required regularity conditions without compromising ‡exibility rapidly becoming overwhelming. In reference to the literature, our model of the aggregate technology, by considering four inputs, is already more general than most.
It would of course also be of interest to disaggregate labour between native and foreign-born workers, or between Swiss citizens and foreigners. This does not seem to be possible, however, since the income data would not be available.
One can argue, however, that the distinction between nonresident and resident workers, which is dictated by data availability, does make sense since it amounts to distinguishing between recent and temporary immigrants ("guestworkers"), on one hand, and nonrecent and long-term immigrants on the other hand, the latter being well integrated and similar to Swiss workers in most respects.
The use of nonresident labour services is somewhat concentrated, both in terms of industries and geographically. The number of transborder workers is naturally largest in border areas, particularly so in Geneva, Basle, and the Ticino. The "frontaliers" tend to be employed in a large variety of industries, in a wide range of skills. Holders of seasonal and yearly permits, on the other hand, tend to be more evenly distributed across the country, but they tend to be low-waged and concentrated in particular industries, such as construction or food and lodging services. This might militate in favor of using a two-sector model. However, as argued previously, even though disaggregation of output could easily be handled by the model, it would make the empirical application that much more complex, and it is not clear that if some further disaggregation were indeed contemplated, that this would be the most urgent direction in which it should be carried out.
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While international labour mobility is an important issue in the Swiss case, one could argue that capital mobility is even more relevant. No attempt is made here to model international capital movements. There are several reasons for this.
Some practical ones …rst: distinguishing between domestically-and foreign-owned capital would increase the size of the model, and data on the quantity and the price of both types of capital would be di¢cult to obtain. In fact, it is likely that as far as production possibilities are concerned, the question of ownership is largely irrelevant. This suggests that the return to both types of capital might be same, in which case aggregation can be justi…ed on Hicksian grounds. There are also some conceptual reasons why the issue of international capital mobility is not tackled here. By focusing on current production decisions exclusively, we do not attempt to model the investment process. In any case, international capital ‡ows typically take the form of movements in equity and …nancial assets: it is the ownership of the capital stock that is traded, rather than the physical capital stock itself. Modelling international capital ‡ows as exogenous changes in the domestic endowment of capital seems very unsatisfactory. The dismantling of a machine or a factory in order to rebuild it in a di¤erent country is the exception, not the rule. Moreover, to the extent that international capital ‡ows can have a direct e¤ect on the domestic endowment of capital, they should …rst impact on the trade account -as part of imports or exports of capital goods -and on gross output -as part of domestic investment or disinvestment.
Under cost minimization, the country's technology can also be described by the unit cost function de…ned as:
where w´[w j ] is the vector of input prices. Under competitive conditions, unit cost is equal to the price of aggregate output (p).
By Shephard's (1953) Lemma, the unit-output cost-minimizing demand for inputs can be obtained by di¤erentiation of (2):
It is noteworthy that the demand for all inputs, including imports and foreign labour services, will generally depend on all four input prices. A change in the price of imports, for instance, is liable to a¤ect the demand for foreign labour services, just like a change in the wage rate of nonresident workers may impact on the demand for imports.
To assess these price e¤ects -and, more generally, the substitution possibilities allowed for by the technology -it is useful to compute the Allen-Uzawa elasticities of substitution between input j and input k, ¾ jk . It is of course well known that:
where c j (w)´@c(w)=@w j , and c jk (w)´@ 2 c(w)=(@w j @w k ); ¾ jk is positive if inputs j and k are substitutes in the Allen-Uzawa sense, and it is negative if the two inputs are complements. These elasticities are relevant if one wishes to assess the impact of an increase in the price of one input on its quantity demanded, and on the quantities of all other inputs. Thus, if ¾ LN is positive, one can assert that 11 See Diewert (1974) . 12 Uzawa (1961) . a reduction in the wage paid to guestworkers will reduce the demand for native labour services, and could thus lead to increased unemployment among resident workers.
The Allen-Uzawa elasticities of substitution given by (4) are de…ned for given input prices, and they are not to be confused with Hicksian elasticities of complementarity, Ã jk , de…ned for given input quantities.
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If the production function is known, the elasticities of complementarity can be obtained directly as:
where f j (x)´@f(x)=@x j , and f jk (x)´@ 2 f(x)=(@x j @x k ); Ã jk is positive if inputs j and k are q-complements in the Hicksian sense, and it is negative if they are q-substitutes. The sign of Ã LN is crucial in determining whether an increase in immigration raises or reduces the return to domestic labour.
The Hicksian elasticities of complementarity can also be derived from estimates of the cost function. Let us de…ne §´[¾ jk ] as the Allen-Uzawa substitution matrix and ª´[Ã jk ] as the Hicksian q-complementarity matrix. As shown by Kohli (1991) , the link between ª and § is given by:
where:ã´2
S is a 5 £ 5 diagonal matrix with the four cost shares and a one as elements, and u is a 4-dimensional unit vector. Thus, the passage from one set of elasticities to the other is not trivial, and it involves the inversion of a bordered matrix. Note that as soon as the number of inputs exceeds two, one cannot infer anything about 13 See Hicks (1970) . We use the terminology of Sato and Koizumi (1973) , and Syrquin and Hollender (1982) . the sign of ¾ jk from the sign of Ã jk alone. 14 Thus, two inputs could be Hicksian q-complements, and yet they could equally well be Allen-Uzawa substitutes or complements.
Comparative Statics

The Cost-Function Setting
While both the Allen-Uzawa substitution matrix § and the Hicksian q-complementarity matrix ª are informative as to the relationships between the various inputs, their elements -particularly their size -are somewhat di¢cult to interpret. It is often more convenient to resort to ordinary price and quantity elasticities. Consider demand system (3). The comparative statics of that system can be captured by a matrix of price elasticities of demand E´[" jk ] de…ned as follows:
It is well known that the elements of E can be obtained directly from the AllenUzawa elasticities of substitution:
where s k is the cost share of the k-th input, s k´wk x k =( P w j x j ). Moreover, it follows directly from (2) and (3) that @ ln x j (w; y)=@ ln y = 1, that @ ln c(w)=@ ln y = 0, and that @ ln c(w)=@ ln w j = s j . The full comparative statics of the model can therefore be summarized by the following system: 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4x = 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4 
where the hats (ˆ) denote relative changes.
The Production-Function Setting
Alternatively, if one departs from the Hicksian elasticities of complementarity, one would naturally be led to the matrix of quantity elasticities of inverse demand,
, to describe the comparative statics of the model. These elasticities are de…ned as:´j
The elements of H can be obtained directly from the Hicksian elasticities of complementarity as follows:´j
where s k is again the cost share of the k-th input. The full comparative statics of the model can now be summarized in the following way: 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4ŵ ;
where we have taken account of the …rst-order conditions for pro…t maximization which imply that @ ln f(x)=@ ln x j = s j . Moreover, @ ln w j (x; p)=@ ln p = 1, and ln f(x)=@ ln p = 0. It is immediately visible that the square matrix in (14) is simply the inverse of the square matrix in (11); this illustrates our earlier result (6).
The GNP-Function Setting
While both the price elasticities of demand (matrix E) and the quantity elastic- 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4ŷ 7  7  7  7  7  7  7  7  7  7  7  7  7  7  5 = 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4
: : : : : : : : : : : : : : :
These elasticities are de…ned for given prices of gross output, imports, and foreign labour services, and for given domestic factor endowments. The elasticities in the northwest corner of (15) are the price elasticities of output supply and variable input demand. The elasticities in the southwest corner indicate the impact of changes in the prices of output and variable inputs on domestic factor rental prices (the Stolper-Samuelson e¤ects). The elasticities in the northeast corner of (15) capture the e¤ect of changes in domestic factor endowments on the supply of output and on the demand for variable inputs (the Rybczynski e¤ects). In the southeast corner, …nally, we …nd the quantity elasticities of the inverse demand for the domestic factors.
It is noteworthy that the homogeneity properties of the GNP function that is dual to f(x) imply the following restrictions:
The signs of ² LN and ² KN are particularly important in determining the impact of increased immigration on domestic factor payments; thus, if ² LN > 0 a reduction in w N , which leads to an increase in the demand for guestworkers, will tend to reduce the rental price of resident labour. The sign of ² MN , on the other hand, will indicate the impact of changes in the wage rate paid to nonresident workers on the demand for imports. If ² MN > 0, immigration will tend to act as a substitute for foreign trade in the sense that an increase in the cost of nonresident labour would tend to favor imports.
The elasticities contained in (15) can easily be calculated from the estimates of the price elasticities of input demands contained in (11). That is, it is a simple matter to solve the system of equations (11) 
Of course, the GNP-function elasticities could be obtained directly if one chose to use the GNP function to describe the aggregate 18 See Kohli (1991) for additional details.
technology, just like the elasticities in (14) could be obtained directly from the production function, without having to rely on (6). In order to best illustrate the di¤erence between the various sets of elasticities, however, we want to derive them all from the same set of econometric parameter estimates. That is, we do not want to change the econometric speci…cation as we move from one set of elasticities to the next.
Immigration Quotas
One might argue that the GNP-function setting is inappropriate in that it treats foreign labour services as a variable input, whereas, in practice, working permits are not issued freely. This militates in favor of treating x N as a …xed, rather than as a variable, input. Thus, compared to (15) there would now be three -rather than just two -…xed inputs. The comparative statics of the model could then be summarized by the following matrix of price and quantity elasticities, ©´[Á jk ]: 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4ŷ
= 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4
Matrix © can easily be computed from estimates of E. The elements of © will indicate the impact of higher immigration on domestic factor rental prices, as well as on imports and gross output. At the same time, they will yield information about the impact of a change in the terms of trade on domestic as well as foreign factor rental prices. A negative value of Á MN would suggest that immigration and trade are substitutes in the sense that a larger contingent of nonresident workers tends to reduce the demand for imports. = 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4 :
Domestic Workers Displacement E¤ects
The price and quantity elasticities are de…ned for given output, import, and resident labour prices, and for given quantities of nonresident labour and capital. A negative value of Á MN would indicate that immigration and trade are substitutes, in the sense that access to a larger pool of nonresident workers would tend to reduce the demand for imports, given variable domestic employment. At this stage, the reader might wonder which one of the …ve settings reviewed here best describes reality, and which one is the most useful. 19 In fact, all …ve settings describe the same technology, and thus are equally "correct" or "incorrect".
Yet, some settings may be more relevant than others, depending on the circumstances and on the problem which one wants to analyze. The cost-function setting is probably the one that is best known, and it is useful in the short run, when input prices may be sticky and the level of output predetermined. In the long run, on the other hand, the production function and the GNP-function settings may be more useful. If immigration quotas are the issue, then clearly the elasticities contained in (16) and (17) are more relevant. Thus, there does not exist a set of elasticities that is to be favored over all other ones. Our point here was rather to
show that a custom-built set of elasticities that best suits the problem at hand can easily be obtained. Furthermore, great care should be taken when comparing elasticities drawn from di¤erent sources, since elasticities typically only show partial -or ceteris paribus -e¤ects, and it is essential to always keep in mind what the other things being held constant actually are. The obvious implication of this is that empirical estimates of a particular e¤ect, e.g. the impact of an increase in the number of guestworkers on the earnings of resident workers, might di¤er greatly depending on which other variables are allowed to adjust, and which ones are held constant. Finally, one should be aware of the fact that our approach, by focusing on production decisions exclusively, merely o¤ers a partial equilibrium treatment.
Imaginative use of this technique makes it possible to deal with a large variety of circumstances, and to answer many questions, but there is no doubt that this approach has its limits, and that ultimately only a general equilibrium approach, endogenizing the prices as well as the quantities of all inputs and outputs, can
give complete answers. This is particularly true in the immigration debate, since, for instance, the supply of migrants should probably be explained as well. Similarly, one could argue that the supply of foreign goods, the work-leisure decision of domestic workers, the level of capacity utilization, domestic investment decisions, and intertemporal consumption behaviour should be modeled too . . .
Empirical Implementation
Functional Form
Upon speci…cation of a functional form, cost function (2) can be estimated. However, it is statistically more e¢cient to estimate instead the system of derived demand functions (3). The estimates can then be used to recover (2), and to calculate estimates of (4), (6), (10), (13), and (15)- (17).
In what follows, we will use the Translog functional form; Christensen, Jorgenson, and Lau (1973) . It can be written as:
where t is a time trend intended to capture the e¤ects of technological change. Symmetry implies°j k =°k j . Linear homogeneity requires
, and
As indicated by (3), the input demand functions can be obtained by di¤eren-tiation of (18). In share form:
where s j is once again the cost share of the j-th input.
Smoothing
Some concern has been expressed recently that ‡exible functional forms may not be ‡exible enough to pick up the ups and downs of technological change and productivity growth; see Diewert and Wales (1992) , for instance. Translog cost function (18) provides a second-order approximation to an arbitrary cost function, with respect to prices as well as with respect to time. This means that total factor productivity is modeled as a quadratic function of time, or that the rate of technological change, which can be obtained by di¤erentiating (18) with respect to t, is a linear function of time. That is, except for the in ‡uence of changing relative prices, the rate of technological change is either monotonically increasing or decreasing throughout the entire estimation period. This may be too restrictive an assumption, and some additional ‡exibility might be needed. One way of handling this problem is with the help of spline functions; see Diewert and Wales (1992) , and Fox (1994) . An alternative may be by focusing on total factor productivity and applying a number of …lters; see Fox (1994) , Fox and Kohli (1998) . In this paper, we will experiment along an alternative route, by increasing the level of ‡exibility of the aggregator function with respect to time. That is, while we continue to assume that the cost function provides a second-order approximation with respect to prices, we increase the degree of the approximation with respect to time to a degree ¿ > 2. In what follows, we consider values for ¿ equal to three and four. In the ¿ = 4 case, the Translog cost function becomes as follows:
where P j ± jTT = 0 and P j ± jTTT = 0. The case ¿ = 3 requires ± jTTT = ± TTT T = 0; 8j 2 fM; N; L:Kg. If, moreover, one imposes ± jT T = ± TTT = 0; 8j 2 fM; N; L:K g, one is back to the ¿ = 2 standard ‡exible speci…cation (18). In the general case, the input demand share equations become:
One could obviously keep increasing the ‡exibility with respect to time almost ad in…nitum, or at least until all degrees of freedom are exhausted. However, there seems to be little point in doing so. For one thing, while one wishes to make the model su¢ciently ‡exible with respect to time, one also wishes to keep it as parsimonious as possible. The ¿ = 4 version of the model allows for two in ‡ection points in the path of total factor productivity, as opposed to none with the standard speci…cation. This should be enough to pick up the major trends in factor productivity developments over a thirty-or forty-year period, and it is precisely the number advocated by Diewert and Wales (1992) in their study.
Another reason why one may not want to increase the value of ¿ beyond reason is that, while it will tend to increase the goodness of …t, it will gradually squeeze out any role for economic variables such as relative prices. One knows, indeed, that any economic time series can be exactly explained by a polynomial of time of su¢ciently high degree.
Data
The cost function is estimated for Switzerland with annual data covering the period 1950-1986. We require price and quantity series for all four inputs and for gross output. Gross output and import …gures are derived from the National Income and Product Accounts, together with the income shares of labour and capital. The price of imports is in ‡ated by import duties, whereas the price of gross output is net of indirect taxes, but it includes subsidies. Table 1 ; additional details, and the series themselves, are available upon request.
Stochastic Speci…cation and Estimation Techniques
We assume that demand functions (21) are exact, except for errors in optimization.
We specify a vector of additive disturbances which we assume to be identically distributed, serially independent, normal random vectors with mean vector zero.
The model is estimated by using the algorithm of Berndt, Hall, Hall, and Hausman (1974) ; this is essentially an iterative version of Zellner's (1962) method for seemingly unrelated regressor equations, and it is numerically equivalent to maximum likelihood.
Empirical Results
Estimates of (19) are reported in Table 2 , column 1. We veri…ed that the estimated cost function satis…es all required regularity conditions (monotonicity and concavity) for all observations.
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Asymptotic t-values are shown in parentheses.
We next reestimated the ¿ = 3 and ¿ = 4 versions of the cost function -see (20) above. The corresponding parameter estimates are shown in columns 2 and 3 of Table 2 ; again, we veri…ed that all regularity conditions are met for all observa- Table 2 , column 3, as our preferred set of estimates.
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The parameter estimates in Table 2 can be used to calculate Allen-Uzawa elasticities of substitution (¾ jk ) and Hicksian elasticities of complementarity (Ã jk ); these are reported for selected years in Tables 2 and 3 , respectively. It is apparent from Table 3 that nonresident workers are Allen-Uzawa complements for imports 20 Monotonicty and concavity are an integral part of our theoretical framework, and they must be satis…ed for the econometric estimates to be economically meaningful. Regularity condition failures have plagued previous work in the immigration literature; thus, a little known fact about Baldwin Grossman's (1982) widely cited study is that her estimates fail to satisfy concavity. In the Translog case, curvature conditions can be imposed locally if needed. However, there is no guarantee that this will be su¢cient for the conditions to be met for all observations. Moreover, imposition of curvature conditions often leads to a reduction in the rank of the Hessian matrix. It is therefore fortunate that these conditions were met here at the outset, since a rank reduction would rule out some of the manipulations described in Section 3. 21 One can see that the estimates of some of the°j k 's change substantially as ¿ is allowed to increase; this is not surprising since our test results indicate that restricting the value of ¿ does violence to the data. as well as for capital.
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All other pairs of inputs are Allen-Uzawa substitutes for each other. Judging from Table 4 , nonresident workers and resident workers are Hicksian q-substitutes for each other, 23 whereas all other pairs of inputs are Hicksian q-complements for each other, except early on in the sample when one …nds some evidence of q-substitutability between imports and capital. 24 Thus, trade and labour mobility are complements in the Swiss case, both in the AllenUzawa sense and in the Hicksian sense. Nonresident and resident workers, on the other hand, are substitutes in both settings. Imports and capital, as well as resident workers and capital, are substitutes in the Allen-Uzawa sense, but complements in the Hicksian sense for most of the sample period.
To get a better feeling of the magnitudes involved, we move to Tables 4 and 5 which report 1986 estimates of matrices E and H. Consider the price elasticities of input demands shown in Table 5 to begin with. The own price elasticity of the demand for imports is estimated to be -0.449 -which may seem quite lowwhile the own price elasticity of the demand for nonresident labour is found to be rather large in absolute value, at -2.094. Remember though that these price elasticities are de…ned for given input prices and a given level of gross output.
The estimate of " MN shows that a 1% increase in the cost of nonresident labour services would reduce the demand for imports by about 0.2%, but increase the demand for resident labour by about 0.4%. A 1% increase in the price of imports, on the other hand, would reduce the demand for foreign labour services by about 1.3%.
Looking at the estimates of the´j k 's shown in Table 6 , one sees that a 1% increase in the number of nonresident workers would increase the marginal product of imports by about 0.3%, the marginal product of capital by about 0.4%, but reduce the marginal product of resident workers by about 0.3%. An increase in the endowment of capital, on the other hand, would enhance the marginal product of all three other inputs, not least nonresident workers. 22 Butare and Favarger (1992) , on the basis of a three-input Translog production function that excludes imports and for which ¿ = 2, also …nd that nonresident workers are Allen-Uzawa complements for capital.
23 This is contrast with the …ndings of Butare and Favarger (1992) . 24 The …nding that the Hicksian elasticity of complementarity between imports and capital changes sign, even though the Allen-Uzawa elasticity of substitution does not, once again underscores the fact that the passage from one set of elasticities to the other is not trivial.
As argued earlier, it might be more appropriate to consider the prices of goods and of nonresident labour services as predetermined, together with the endowments of domestic factors. This brings us to the GNP-function setting, and to the corresponding elasticity estimates (matrix E ) shown in Table 7 . The own price elasticity of the demand for imports is now found to be -1.056, while the own price elasticity of the demand for foreign labour services is -1.274. These elasticities cannot be compared directly to the ones reported in Table 5 , since ² MM and ² N N -contrary to " MM and " NN --are de…ned for variable gross output and …xed endowments of capital and domestic labour. Of considerable interest are the so-called Stolper-Samuelson elasticities (² ij ; i 2 fY; M; Ng; j 2 fL; K g) and Rybczynski elasticities (² ji ; j 2 fL; Kg; i 2 fY; M; Ng). These show, for instance, that an increase in the price of imports hurts capital relatively much more than labour, whereas an increase in the price of nonresident labour actually favors resident labour. An increase in the endowment of capital will tend to heavily increase the demand for nonresident labour services. Looking at the negative signs of the cross price elasticities ² MN and ² NM , one can conclude that trade and labour mobility are complements in the sense that, for given domestic factor endowments, an increase in the price of either foreign input will tend to reduce the demand for both.
We next turn to the question of the e¤ects of exogenous changes in the number of nonresident workers. The relevant elasticities (matrix ©, 1986 …gures) are shown in Table 8 . If the number of nonresident workers is held constant, the own price elasticity of imports is now found to be quite a bit closer to zero than otherwise (compare the estimate of Á MM with that of ² MM shown in Table 7 ), which is an illustration of the Le Châtelier Principle. Of special interest is the estimate of Á LN which shows that, as one might have expected it, an increase in the number of nonresident workers depresses the wages of resident workers, but the impact is very small.
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Looking at the Stolper-Samuelson e¤ects, it is interesting to note that nonresident workers are relatively more hurt than the domestic factors of production by a worsening in the terms of trade. Once again, we …nd that imports and foreign labour services seem to work hand in hand.
We now turn to the estimates of matrix £ shown in Table 9 . Remember that these price and quantity elasticities are valid for given prices of output, imports, and resident labour services, and given quantities of nonresident labour and domestic capital. They are thus relevant in the short run, if domestic wages are sticky. With resident labour services variable, the demand for imports is found to be quite price elastic.
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The demand for resident labour is found to be quite price elastic as well. The estimate of µ LN indicates the e¤ect of an increase in the number of nonresident workers on the demand for resident workers. Its negative value shows that, as expected, foreign workers displace native workers.
The e¤ect is not as small as it seems since the number of resident workers is about …ve times larger than the number of nonresident workers. An elasticity of -0.214 thus indicates that the replacement e¤ect is almost one for one. However, what is crucial here is the assumption of a …xed domestic wage rate. The relatively large price elasticity of the demand for resident labour reveals that not much of a reduction in domestic wages would be needed to restore full employment. Indeed, this is con…rmed by the very low estimate of Á LN shown in Table 8 . Thus, if immigration causes unemployment, then the prime culprit will be domestic wage rigidity. One again, we …nd that trade and labour mobility are complements, in the sense this time that an increase in the number of nonresident workers will tend to increase the demand for imports.
Comparing our results with those reported in Kohli (1993) , we …nd some interesting similarities, in spite of the di¤erences in speci…cation, functional form, and modelling of technological change. Thus, both studies found that nonresident workers are substitutes for resident workers, and complements for capital in the Allen-Uzawa sense. Both studies also found that imports are Hicksian complements for capital and both types of labour, and that nonresident workers are Hicksian substitutes for resident workers. There are some di¤erences, however.
Thus, the earlier study did suggest that imports might be Allen-Uzawa substitutes for foreign labour, and that nonresident labour may be a Hicksian substitute for capital. However, it is rather remarkable that in spite of these di¤erences all ² jk elasticities -i.e. those consistent with the GNP-function setting -have the same signs. In particular, both studies concur that imports and nonresident labour services are complements in the sense that an increase in one input will reduce the demand for the other, and that an increase in the cost of nonresident labour services will favor resident workers, but penalize capital owners.
Total Factor Productivity
Our econometric results can also be used to model total factor productivity. A state-of-the art measure of the change in total factor productivity is given by the following index:
where the subscripts indicate the time period. This index shows the cost reduction that results from the passage of time, using either period-t or period-t ¡ 1 input prices as weights. It can be shown that if the cost function is Translog, then R t;t¡1
can be calculated from knowledge of the data alone as follows:
where W t;t¡1 is a Tornqvist input price index:
and P t;t¡1 is the output price change factor:
27 See Caves, Christensen and Diewert (1982) , and Diewert and Morrison (1986) , for instance. 28 Given that the cost function is Translog, W t;t¡1 can also be interpreted as the geometric mean of two indexes, both measuring the cost implications of changes in input prices, but one doing it with reference to time-t ¡ 1's technology, and the other one refering to time-t's technology:
c(w t ; t ¡ 1) c(w t¡1 ; t ¡ 1) c(w t ; t) c(w t¡1 ; t) :
Since the construction of the data ensures that the value of gross output equals the total cost of inputs:
it follows immediately that R t;t¡1 can also be calculated as:
where Y t;t¡1 is the output change factor:
and X ? t;t¡1 is an implicit Tornqvist index of input quantities:
Thus, as suggested in the introduction, total factor productivity growth can be deduced from Figure 2 by looking at the di¤erence between the two lines. The cumulated index of total factor productivity is also shown in Figure 3 . One sees that total factor productivity has increased substantially during the postwar period, although the index fell very dramatically in the mid-seventies. An entire decade had elapsed before it had fully recovered.
We can also follow an econometric approach to measuring total factor productivity growth. That is, we can obtain R t;t¡1 from the estimates of the structural parameters of the cost function. We begin by introducing (20) into the logarithmic version of (22). This yields:
and international trade were essentially modeled separately in empirical work.
Yet immigration is clearly an international phenomenon; the production-theory approach to immigration must thus be compatible with the production sector of an open economy.
An attempt was made here to increase the ‡exibility of ‡exible functional forms with respect to time. A second-order approximation with respect to time does not allow for any in ‡ection points in the path of total factor productivity.
Given the ease with which our approach can be implemented, it may be viewed as an attractive alternative to the spline method proposed by Diewert and Wales (1992) .
Among our main empirical results, we have found that the displacement e¤ects of immigration into Switzerland could be very severe in case of downward wage rigidity. If wages are ‡exible, increased immigration will lower the income of domestic workers, but only weakly so. Capital owners are the bene…ciaries of immigration; it is therefore not surprising that the call for increased access to foreign labour markets generally emanates from business leaders.
Imports and nonresident labour are found to be complements for each other, in many di¤erent meanings of the word. They are Allen-Uzawa complements, and they also are Hicksian q-complements. Furthermore, they are also complements in the sense that more nonresident workers tend to lead to more imports; this is true whether or not resident labour services are held constant. Moreover, in the GNP-function setting, a reduction in the price of nonresident labour services, which tends to favor the demand for such services, also pulls along the demand for imports. " mn´@ ln h m (y; w M ; w N ; w L ; w K )=@ ln z n h m 2 fx M ; x N ; x L ; x K g; z n 2 fw M ; w N ; w L ; w K g z n = w M z n = w N z n = w L z n = w K " Note: These estimates are de…ned for a given quantity of output and given input prices. They are based on the parameter values shown in Table 1 , column 3. mn´@ ln h m (p; x M ; x N ; x L ; x K )=@ ln z n h m 2 fw M ; w N ; w L ; w K g; z n 2 fx M ; x N ; x L ; x K g z n = x M z n = x N z n = x L z n = Note: These estimates are de…ned for a given price of output and given input quantities. They are based on the parameter values shown in Table 1 , column 3. 34 Table 7 : Price and Quantity Elasticities (GNP-Function Setting, Matrix E , 1986 estimates) ² mn´@ ln h m (p; w M ; w N ; x L ; x K )=@ ln z n h m 2 fy; x M ; x N ; w L ; w K g; z n 2 fp; w M ; w N ; x L ; x K g z n = p z n = w M z n = w N z n = x L z n = x K ² Y n 0. Note: These estimates are de…ned for given output, import and nonresident labour service prices, and for given domestic factor endowments. They are based on the parameter values shown in Table 1 , column 3. Á mn´@ ln h m (p; w M ; x N ; x L ; x K )=@ ln z n h m 2 fy; x M ; w N ; w L ; w K g; z n 2 fp; w M ; x N ; x L ; x K g z n = p z n = w M z n = x N z n = x L z n = x K Á Y n 0. Note: These estimates are de…ned for given output and import prices, and for given quantities of labour (nonresident and resident) and capital. They are based on the parameter values shown in Table 1 , column 3. µ mn´@ ln h m (p; w M ; w L ; x N ; x K )=@ ln z n h m 2 fy; x M ; x L ; w N ; w K g; z n 2 fp; w M ; w L ; x N ; x K g Note: These estimates are de…ned for given output, import and resident labour service prices, and for given quantities of nonresident labour and capital. They are based on the parameter values shown in Table 1 , column 3.
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z n = p z n = w M z n = w L z n = x N z n = x K µ Y
